INTRODUCTION 4 8
Skin pigmentation is a complex process that includes melanin biosynthesis in melanocytes, which 4 9 1 0 2 was dissected and rapidly frozen whole in isopentane chilled over liquid nitrogen for histological RNA-sequencing and qPCR analysis. In the present study, a total of 6 libraries were generated for sequencing according to the sample 1 0 7 size (n=6) in two breeds of goats. For each of the 6 fetal goats, total RNA was isolated using 1 0 8
TRIzol reagent (Invitrogen, USA) according to the manufacturer's instructions. RNA degradation 1 0 9
and contamination was monitored on 1% agarose gels. RNA purity was checked using the 1 1 0
NanoPhotometer spectrophotometer (Implen, USA). RNA concentration was measured using a for the RNA sample preparations. First, ribosomal RNA was removed using the Epicentre 1 1 5
Ribo-zero™ rRNA Removal Kit (Epicentre, USA), and rRNA free residue was cleaned up using 1 1 6 ethanol precipitation. Subsequently, the highly strand-specific libraries were generated using the Hiseq 2000 platform and 100 bp paired-end reads were generated. The raw data were firstly processed through in-house perl scripts. In this step, clean data were obtained by removing the reads containing adapters, reads containing over 10% of ploy-N 1 3 8 sequences, and low quality reads (more than 50% of bases with Phred scores less than 5%) from 1 3 9
the raw data. The Phred score (Q20, Q30) and GC content of the clean data were calculated. All 1 4 0 8 the subsequent analyses were based on the high quality data. The sequencing data were submitted 1 4 1 to the Genome Expression Omnibus (Accession Numbers GSE69812) in NCBI. The reference genome and gene model annotation files were downloaded directly from the The goat reference genome and gene model annotation files were downloaded directly from the were aligned to the reference genome using TopHat v2.0.9 (Trapnell et al. 2012; Kim et al. 2013 ).
1 5 3
The mapped reads of each sample were assembled using both Scripture (beta2) (Guttman et al. '--library-type fr-firststrand', with all other parameters set as default. To identify the novel transcripts from clean data, we first distinguished the novel transcripts and coding potential (which are selected by either of four tools above) but lacking of any known 1 7 5
annotation were kept and considered as the novel transcripts in the present analysis. Cuffdiff provides statistical routines to determine differential expression in digital transcript or To validate the gene expression in RNA-seq, the total RNA from the RNA-seq analysis was used 1 9 3
for qPCR ( Fig. 4) . Briefly, first strain cDNA was obtained using a One Step cDNA Synthesis Kit 1 9 4 (Bio-Rad, USA), and the mRNA was then quantified using a standard SYBR with GAPDH as an primers and annealing temperatures for the 8 genes are listed in Table S1 . All reactions were 1 9 8 performed in triplicate for each sample. Gene expression was quantified relative to GAPDH 1 9 9 expression using the 2 (-ΔCt) method. Corrections for multiple comparisons were performed using 2 0 0
the Holm-Sidak method. Data analyses were performed using the R statistical package. in the hyperpigmented and normal fetal goats. Figure S2 contains a heatmap of the cluster 2 0 6 1 1 analysis for the differentially expressed genes. Table S1 contains statistics of the mapping reads   2  0  7 to the reference genome. Table S2 contains annotation of novel transcripts in Swiss-Prot database.
2 0 8 Table S3 contains differential exon usage (DEU) analysis of the mRNAs in goat fetal skin. Table   2 0 9 S4 contains the differentially expressed genes between the wild-type and hyperpigmented goat 2 1 0 skins. Table S5 contains results of GO and KEGG analysis of the up-regulated DE genes using 2 1 1 DAVID. As for phenotype, there are obvious differences in skin tissue pigmentation between the two 2 1 7 breeds of fetal goat ( Fig. 1A and B ). Then we examined the phenotypic differences at the We identified a total of 27,947 mRNAs and 1616 novel transcripts in fetal goat skin in the 2 3 3 present study. To examine their homology with proteins in state-of-the-art database, we made a BLAST alignment for these novel transcripts in Swiss-Prot database (http://www.uniprot.org/).
3 5
Results showed that 660 of them had a similarity in various degree, but with a relative lower 2 3 6
coverage to the known proteins (Table S2 ). Another 956 novel transcripts were found without 2 3 7 annotation in the state-of-the-art database presently. Then we examined the differences in gene 2A) and expression levels (Kolmogorov-Smirnov test, P = 0.000; Fig 2B) of novel transcripts, as well as between the novel transcripts and mRNAs ( Fig 2C) . Further 2 4 5 investigation of position bias for TEs relative to TSS (transcription start site) revealed that the 2 4 6 LINE/RTE-BovB were higher enriched in novel transcripts without annotation than the other two 2 4 7 groups ( Fig 2D) . These above findings suggest that the identified transcripts may represent 2 4 8 different types of novel transcripts in goat genome. fetal skin between the two goat groups. In particular, members of the keratin family were highly 3 2 0 differentially expressed in the fetal skin between the two goat groups, including KRT1, KRT81, 3 2 1 KRT83, KRTAP13-1, KRTAP11-1, and KRTAP7-1 (Table S5 ). Keratins make up the largest Further functional clustering analysis of the DE genes showed that the terms involved in 3 3 1 pigmentation and melanogenesis were highly overrepresented in our findings (Table S5 and between the dark-and white-skinned goats, but were also associated with human pigmentation 3 3 7 (Table 1) . Previous studies have demonstrated that polymorphisms of ASIP are associated with results of the present study suggest that ASIP is more likely the candidate gene for skin color in 3 4 4 goats than TYRP1 and DCT. We believe that TYRP1 and DCT are two downstream genes whose 3 4 5 expression levels are affected by ASIP in the KEGG pathway melanogenesis (Fig. 4B ). However, 3 4 6 efforts still be taken to ascertain the candidate genes underlying variations of skin color in goats 3 4 7
using gene mapping techniques such as genome wide association studies (GWAS), next 3 4 8 generation sequencing (NGS), or quantitative trait loci (QTL) analyses.
4 9
Our another valuable finding is the novel transcripts identified by RNA-seq (Table S1 ). Cabili, et we are certain that the identified transcripts with annotation and without annotation are two 3 6 0 different groups of novel transcripts. Especially for those without annotation, the characteristics around TSS (transcription start site) ( Fig 2) which are similar with that of the lincRNAs in recent with some annotation should be protein coding genes or long nocoding RNAs based on the 3 6 7 current knowledge. It still need further efforts to identify their identity. Generally, this study We thank Dr. Sun Wu, Sun Xiaowei, and their colleages from Southwest University for assistance 3 7 4
in the sampling and experiments. We also thank Ms Yuan Jingxian and her colleagues for data 3 7 5
processing in Novogene LTD. Co (Beijing). This work was supported by grants from the 3 7 6
Chongqing Fund of application and development (cstc2013yykfC80003) To explore the histomorphological differences between the two breeds of goats at the early stage 0 compared to the control goats (white-skinned). Some of the identified melanogenic genes were examined in the dark-and white-skinned fetal 5 6 3 goats using qPCR. Gene expression was quantified relative to GAPDH expression using the 2 (-ΔCt) 5 6 4 method. Corrections for multiple comparisons were performed using the Holm-Sidak method.
6 5
The data are shown as the mean ± 1 SE (n = 3). *P<0.05, **P<0.01. hyperpigmented and normal fetal goats. Table S1. Statistics of the mapping reads to the reference genome. Table S3 . Differential exon usage (DEU) analysis of the mRNAs in goat fetal skin. 5 7 3 Table S4 . Differentially expressed genes between the wild-type and hyperpigmented goat skins. 
